ABSTRACT The aim of this study was to analyze the evolution of socioeconomic inequalities in mortality due to ischemic heart diseases (IHD) in the census tracts of nine Spanish cities between the periods 1996-2001 and 2002-2007. Among women, there are socioeconomic inequalities in IHD mortality in the first period which tended to remain stable or even increase in the second period in most of the cities. Among men, in general, no socioeconomic inequalities have been detected for this cause in either of the periods. These results highlight the importance of intra-urban inequalities in mortality due to IHD and their evolution over time.
INTRODUCTION
Ischemic heart disease (IHD) is the leading cause of death among high-income countries. It has been estimated that, in 2004, 7.2 million people died from this cause worldwide, 1.3 million of whom belonged to wealthy countries. 1 However, IHD mortality rates vary considerably between countries and are particularly low in France and Spain. 2 There is abundant literature describing the association between IHD mortality and individual characteristics, of which the following stand out: socioeconomic characteristics (age, sex, and socioeconomic level), health-related behaviors (smoking, physical activity, and diet), psychosocial factors (stress, negative emotions, social support, and degree of control in the workplace), as well as the traditional IHD risk factors (hypertension, hypercholesterolemia, diabetes, and obesity). 3 Regarding socioeconomic level, numerous studies have described an inverse relationship between this factor and IHD mortality. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] More recently, it has been observed that characteristics of the area of residence (such as socioeconomic deprivation, access to health services and to parks, etc.) may have a relationship with IHD mortality, independently of the individual characteristics of the deceased. 3, [14] [15] [16] [17] [18] [19] [20] [21] [22] In western European countries, specifically in Spain, a clear decline in IHD mortality has been observed in recent decades. 2, 23 This decline is mainly attributed to reductions in the majority of risk factors, such as smoking, hypertension, and hypercholesterolemia, as well as improvements in medical diagnosis and treatment. [24] [25] [26] [27] However, socioeconomic inequalities in IHD mortality persist and are even increasing in many western European countries. 3, [28] [29] [30] [31] [32] Among studies analyzing the relationship of IHD mortality with residential area socioeconomic level, those focusing on urban areas are of particular interest, since in these areas, stronger associations have been documented between area socioeconomic level and IHD mortality than in urban peripheral or rural areas. 19 In this sense, those individuals with similar socioeconomic characteristics tend to live in the same areas, 33 and therefore, small areas are very homogeneous in terms of the socioeconomic characteristics of their inhabitants. Moreover, the analysis of small geographical areas in urban zones is highly useful since it permits the identification of geographical patterns and of areas with less favorable socioeconomic and health indicators, which helps when implementing interventions aimed to reduce such inequalities. 34, 35 However, there is a lack of studies analyzing small areas which investigate trends over time in the association between area socioeconomic level and IHD mortality. 3, [36] [37] [38] [39] Also, none of these studies employ a methodology which takes into account the possible existence of spatial and temporal dependence of the data, the analyses used considering them to be completely independent. Thus, the possible existence of spatial patterns in mortality is not explored nor whether or not these change over time or as functions of area socioeconomic level.
The objective of the present study was to analyze the evolution of socioeconomic inequalities in mortality due to IHD in the census tracts of nine cities in Spain in the two periods 1996-2001 and 2002-2007 . This is the first study to analyze this evolution in various urban zones of southern Europe. Furthermore, we employ a recently published methodology, as yet untried in the study of IHD, namely, smoothed analysis of variance models (SANOVA). 40, 41 This methodology permits obtaining a smooth association between mortality risk and socioeconomic level, while at the same time taking account of both spatial dependence (between small areas) and temporal dependence (between different time periods) of the data. Moreover, the estimates obtained in these models can be represented graphically in the form of maps, thus allowing, among other things, the detection of areas of greater or lower IHD mortality risk, determination of in which areas mortality risk is associated to area socioeconomic level, and finally, the visualization of time trends in mortality risks.
METHODS

Design, Unit of Analysis, and Study Population
This study was performed within the framework of the MEDEA project (Socioeconomic and environmental inequalities in mortality in small areas of Spanish cities: http://www.proyectomedea.org/). 42, 43 An ecological study of trends with two cross-sectional cuts (1996-2001 and 2002-2007) 
Information Sources
Mortality data grouped by sex, census tract, and period were obtained through the mortality registers of the corresponding regional governments. In general, census tract was obtained from the postal address of the deceased provided on the Death Certificate or from the Register of Inhabitants of each city. The proportions of deaths which could not be geographically referenced due to problems in geocoding place of residence ranged between 0.13 % in Bilbao and 3.60 % in Valencia. Population data stratified by sex, age (in 5-year groups), census tract, and period were obtained from the Register of Inhabitants for each city or from the National Institute of Statistics (Instituto Nacional de Estadística). Moreover, the 2001 Population and Housing Census was used to obtain the information necessary to elaborate the socioeconomic deprivation index for each city.
Mortality
The present study has analyzed deaths due to IHD in people aged between 55 and 74 years. The underlying cause of those deaths occurring between 1996 and 1998 was coded according to the International Classification of Diseases, 9th Revision (ICD-9), and those occurring between 1999 and 2007 were coded using the 10th revision of this classification (ICD-10). The ICD-9 codes used were 410-414, and for the ICD-10, the equivalent codes I20-I25.
Socioeconomic Deprivation Index
We included as a covariate an index of socioeconomic deprivation, which was calculated for each city through a principal components analysis. The analysis was done using socioeconomic indicators corresponding to 2001 available for each census tract, based on the methodology described by Domínguez-Berjón et al. 42 The indicators that comprise the deprivation index were: (1) percentage of unemployment (≥16 years of age); (2) percentage of manual workers; (3) percentage of temporary workers; (4) percentage of low educational level; and (5) percentage of low educational level in young people (16-29 years of age). The index is normalized to achieve a mean of 0 and a standard deviation of 1.
Data Analysis
Age-standardized mortality rates (ASMR) for each sex, period, and city were calculated by the direct method using the Spanish population for the year 2001 as the reference population. These calculations were only for descriptive purposes.
In recent years, SANOVA models have been proposed for use in the context of multivariate disease mapping. 41 These models are capable of analyzing various response variables simultaneously taking into account not only dependence between them, but also the spatial dependence of the data. Moreover, a reformulation of these models has been proposed recently, consisting of introducing an independent variable into the model, thus making it possible to obtain relationships for certain combinations of interest involving response variables and the independent variable. 40 These models employ a completely Bayesian approach.
The mortality indicator used for the analysis is the standardized mortality ratio (SMR). The SMR is dependent on population size since its variance is inversely proportional to the expected values; thus, areas with low population tend to present estimates with a high variance. In order to derive SMR estimates avoiding such instability, it is usual to resort to models taking two types of random effects into account: spatial and heterogeneous. 44 The spatial random effect takes into account the spatial autocorrelation present in the data. The heterogeneous random effect assumes independence in the estimations between the areas. Smoothed SMR (sSMR) for each period were estimated with the SANOVA model, described in the succeeding paragraphs.
For any of the cities considered, let O ij be the observed number of cases in the area i and period j (j01 for period 1996-2001 and j02 for period [2002] [2003] [2004] [2005] [2006] [2007] ). E ij is the expected numbers of cases, θ ij is the sSMR, and Áj denotes the j-th column of θ. The expected cases were calculated by indirect standardization, taking as reference the mortality rates of each city, by age (in 5-year age groups) of the first period (1996-2001). We assume that O ij~P oissonðE ij ij Þ and we express the modeling of sSMR as follows:
In other words, for the IHD mortality (in both periods), we assume the existence of a factor (= Á1 ) which models the mortality risks (for each census tract) common to the two periods (hereafter referred to as the common pattern) and another factor (= Á2 ) which models the evolution in mortality risk for each census tract from one period to the other (the differential pattern). Thus, we assume dependence between mortality risk in the two periods and we can make specific inferences about the risk factors common to the two periods and their evolution. Also, with respect to each of these specific patterns, we assume the following relationship:
Thus, both the common pattern and the differential pattern divide into three components. The intercepts, or average values, of the two patterns are specified via μ 1 and μ 2 , respectively. In order to model smoothly the effect of socioeconomic deprivation C on each of the two patterns, this covariable has been categorized into 20 quantiles (i.e., each census tract will be assigned to one of these 20 groups) and has been incorporated into each of the patterns via first-order "random-walk" functions, f 1 (C) and f 2 (C), respectively. S Á1 captures the residual variability of the pattern common to the two periods that cannot be explained by socioeconomic deprivation, while S Á2 collects the residual variability of the differential pattern that cannot be attributed to deprivation. Each of these effects is decomposed as the sum of two random effects:
, following the proposal by Besag et al. 44 This formulation allows the variance of the logarithm of the sSMR to be decomposed as the sum of the variances of all the components of = Á1 and = Á2 . This fact makes it possible to calculate the total percentage of variance explained by each one of these components. Both this decomposition and the SANOVA model formulation employed are explained in more depth elsewhere. 40 Each of the constants of the model μ 1 and μ 2 are assumed to follow independent zeromean Gaussian prior distributions with a fixed precision of 0.0001. We have considered that f 1 (C) and f 2 (C) follow a first-order random-walk process with unknown precisions C f 1 and C f 2 , respectively. An intrinsic CAR prior distribution was assigned to the spatial effects U Á1 and U Á2 , 44 with unknown precisions C U 1 and C U 2 , respectively. Finally, the heterogeneous effects V Á1 and V Á2 were represented using independent normal distributions with zero mean and unknown precisions C V 1 and C V 2 , respectively. Vague independent gamma (0.001, 0.001) hyperpriors were assigned to the precisions
Posterior distributions have been derived by means of a novel numerical procedure: integrated nested Laplace approximations (INLA). [45] [46] [47] This approach has been implemented within the R software 48 through the INLA package. 49 For each city and for the two sexes, we generated estimates based on the different components into which the common and differential patterns had been decomposed. First, relative risks (RR) and their associated 95 % credible intervals (95 % CI) were calculated in each of the 20 quantiles of deprivation and in each period. These RR are interpreted with respect to the mean of each city. Estimating them required obtaining the posterior means and 95 % CI of exp f 1 ðC Þ À f 2 ðC Þ ð Þfor the first period and of exp f 1 ðC Þ þ f 2 ðC Þ ð Þfor the second period. In this way, we obtain a smooth association between mortality and deprivation in the first and second periods, which have been represented using lines on a graph. Second, maps were used to represent: (1) the mortality risks obtained in each census tract for the first period (posterior mean of
2) the mortality risks obtained in each census tract for the second period (posterior mean of 100
3) the mortality risks for the common pattern which are associated with deprivation in each census tract (posterior mean of 100 Á exp f 1 ðC Þ ð Þ); (4) the mortality risks for the differential pattern which are associated with deprivation in each census tract (posterior mean of 100 Á exp f 2 ðC Þ ð Þ); (5) the mortality risks for the common pattern which cannot be explained by deprivation (posterior mean of 100 Á exp S Á1 ð Þ); and (6) the mortality risks of the differential pattern which cannot be explained by deprivation (posterior mean of 100 Á exp S Á2 ð Þ). Note that the intercepts μ 1 and μ 2 have not been added to any of the maps, in order to permit obtaining maps which are centered. Table 1 provides a summary with the interpretation of the main parameters of the model and certain combinations of these. 
RESULTS
The logarithm of the sSMR in each census tract for the first period
The logarithm of the sSMR in each census tract for the second period
Common pattern: mortality risks for each census tract common to the two periods
Differential pattern: evolution of risk in each census tract between one period and the other
Average value of the common pattern f 1 (C) Association between socioeconomic deprivation and the common pattern; modeled smoothly by means of a random-walk function
Captures the residual variation of the common pattern which cannot be explained by socioeconomic deprivation number of deaths, the population at risk, and the ASMR per 100,000 inhabitants by period and sex. These rates have decreased between the two periods, in all the cities, and in both sexes. Figures 1 and 2 display, for men and women, respectively, the smoothed effects of deprivation on mortality due to IHD for each city and period. In both figures, the associations in the first period are represented by blue lines and those of the second period by red lines.
For men (Figure 1 ), in the first period, in general, there is no significant association between deprivation and mortality due to IHD, since the 95 % CI always include 1. Barcelona is the only city where we may observe a significant association whereby areas of lower deprivation present lower mortality, while areas with greater deprivation present higher mortality. In the second period, in most of the cities, there is no association between deprivation and mortality. However, in Barcelona and Bilbao, the areas with greater deprivation have RR significantly above 1 (95 % CI do not contain 1), the association obtained being nonlinear. On the other hand, it may be observed that, in Madrid, it is the areas with lower deprivation which present RR under 1 in the second period (and the 95 % CI do not contain 1).
Among women (Figure 2 ), for the first period, in Barcelona, Las Palmas, Madrid, and Seville, the areas with highest deprivation have RR above 1 (and the 95 % CI do not contain 1). Also, in Barcelona and Las Palmas, the areas with less deprivation have RR under 1 (and the 95 % CI do not contain 1). In the other cities, no association was found, since the 95 % CI for all the deprivation levels contain the value 1. In the second period, it may be seen that, in Las Palmas, Madrid, Malaga, Seville, and Valencia, the areas with greatest deprivation have RR significantly higher than 1, and these appear to be higher than in the first period (the red lines are above the blue lines) although not significantly so, since the confidence intervals overlap. Las Palmas, Madrid, and Seville, the areas with less deprivation, have RR significantly below 1, and these are lower than in the first period (red lines below the blue lines). In Barcelona, the association tends to decrease, although in both periods, the areas with greater deprivation have RR above 1 and the 95 % CI do not include 1. Table 3 presents the percentages of variance explained by each one of the components of the model by sex and city. Thus, we see that, in general, the component associated to μ 2 explains more of the total variance. This component reflects the temporal evolution of mortality between the two periods in each city as a whole, indicating that there is an important trend in mortality which affects all of the city's census tracts. On the other hand, among men, it is noteworthy that the percentage of variability studied which is associated with deprivation exceeds 20.0 % only in Barcelona and Bilbao (22.6+1.7 % in Barcelona and 27.9+2.0 % in Bilbao). Whereas in Barcelona, the majority of the variance studied is explained by deprivation (f 1 (C) and f 2 (C)) and by the general component (μ 2 ), in Bilbao, in addition, 54.0 % (39.0+15.0 %) of the variance is explained by the action of other factors. In the rest of the cities, the geographical variability of the sSMR is mainly explained by the action of factors other than deprivation, and moreover, we see that the spatial variability of these factors must have changed considerably over time in Bilbao (15.0 %) and, to a greater degree, in Murcia (42.5 %). In general, among women, most of the variance is explained by deprivation (f 1 (C) and f 2 (C)) and by the time-varying component (μ 2 ). In Valencia, a relatively high proportion of the variance (27.0 %) is explained by factors other than deprivation. Bilbao and Murcia are the only cities where the pattern differs. In both cities, the majority of the variance is explained by the temporal component (70.5 % in Bilbao and 60.3 % in Murcia) and by other factors different from deprivation. Moreover, the spatial pattern of these factors changes between periods in Bilbao (S Á2 explains 16.5 % of the total variance) but remains stable in Murcia (S Á1 explains 29.7 % of the total variance).
The results obtained based on the variances of each component of the model, described previously, may be visualized spatially via the maps of deprivation indices (see ESM Figure S1 ) and maps obtained based on the model components (see ESM Figures S2-S19 ). For example, among men in Madrid, one may observe how the spatial distribution of deprivation (see ESM Figure S1D ) has no similarity to the spatial distributions of mortality in either of the two periods (see ESM Figures S8A  and S8B ). It is only in the north and northwestern areas of the city that two spatial clusters are visible, consisting of areas of lower mortality associated with lower deprivation (see ESM Figure S8C ). Moreover, a spatial cluster of high mortality values is detectable in the central city, but which is not associated with deprivation in that area (see ESM Figure S8E ). Finally, there are hardly any areas where mortality risk undergoes an important evolution over time (see ESM Figures S8D and S8F) .
DISCUSSION
In the nine cities involved in this study, it was found that mortality rates for IHD have fallen over time. However, in women, socioeconomic inequalities present in the f 1 (C) percentage of the variance of IHD mortality explained by the effect of deprivation on the pattern of mortality common to the two periods, S Á1 percentage of the variance of IHD mortality which is not explained by the effect of deprivation on the pattern of mortality common to the two periods, μ 2 percentage of the variance of IHD mortality explained by the component reflecting evolution over time, f 2 (C) percentage of the variance of IHD mortality explained by the effect of deprivation on the time-varying change in the mortality pattern, S Á2 percentage of the variance of IHD mortality which is not explained by the effect of deprivation on the timevarying change in the mortality pattern
TRENDS IN SOCIOECONOMIC INEQUALITIES IN IHD MORTALITY
first period tended to remain stable or even increase in the second period in most of the cities. Barcelona appears to be the only city where these inequalities were lower in the second period, although they persist. Among men, in general, no socioeconomic inequalities in IHD mortality were detected in either period. The exceptions are Barcelona, Bilbao, and Madrid where inequalities appear in the second period, between the extremes of highest and lowest deprivation.
In this study, we have detected an association between area-level socioeconomic deprivation and mortality due to IHD, above all in the second period. These findings are in the same sense as those of other ecological and multilevel studies. 3, 14 For example, Diez-Roux and colleagues found that neighborhood context in four US communities may be important in shaping the distribution of IHD prevalence and risk factors, independently of individual socioeconomic characteristics (education, occupation, income, and house value). 15 More recently, similar results have been observed in European multilevel studies investigating IHD incidence and mortality. 17, 19 Therefore, it is evident that area of residence plays an important role in IHD mortality risk. It could be argued that people living in deprived neighborhoods have poorer access to health-promoting goods, services, and resources, such as physical activity facilities, and better access to potentially health-damaging goods, services, and resources, such as fast-food restaurants, alcohol outlets, and bars, than people living in affluent neighborhoods. [15] [16] [17] 20 However, one recent multilevel study conducted in Sweden casts doubt on this assumption, since they found no association between availability of potentially health-damaging and health-promoting goods, services, and resources and IHD incidence, after adjustment for neighborhood-level deprivation and individual age and income. 21 Even so, one must take into account that our study was conducted in urban areas and, therefore, areas of high population density. Perhaps the influence of deprivation level (both material and social) of a given area could be aggravated when the population density is high, particularly in terms of availability of shared resources, affecting health-related behaviors and health services utilization. 19 Among women, evident socioeconomic inequalities in IHD mortality have been observed in the majority of cities analyzed and particularly in the second period. In contrast, among men, these inequalities are not so clear. Available evidence on socioeconomic inequalities in IHD mortality by sex is somewhat heterogeneous. 10 However, many studies have also observed greater inequalities among women than among men. 4, 14 Some studies find them at individual level, 8, 10, 12, 29, 30, 32 others at area level (ecological studies), 35, 38, 39, 43, 50, 51 and lastly, there are some multilevel studies, 15, 16, 20 which have found such inequalities at area level, independently of the individual's socioeconomic level. However, few studies have discussed the possible causes of these differences between the sexes. One follow-up study conducted in the USA using data on individuals 10 indicated that body mass index, in combination with other metabolic risks (diabetes and cholesterol), explained the greater part of the differences found between the sexes in regard to the association between IHD risk and educational level. The authors argue that their findings could be due, on one hand, to the fact that women of more advantaged socioeconomic positions are under greater social pressure to be slimmer, and on the other, the social stigma associated with obesity could act as a discriminatory factor hindering women's access to the highest socioeconomic positions. One study conducted in various European countries, using individual data, 12 also pointed to obesity as a possible factor causing greater socioeconomic inequalities in IHD mortality among women than among men. In a recent study in Spain, it was observed that socioeconomic inequalities in the prevalence of obesity and diabetes are greater among women than among men. 52 On the other hand, numerous studies have found differences in diagnosis and in treatment strategies depending on patient characteristics such as sex, age, and socioeconomic level. 22 Specifically, it has been observed that women are subject to fewer diagnostic tests, are examined less, and receive fewer explanations and less advice from their doctors than men. 53 It is probable that this situation is aggravated if in addition the woman has a lower socioeconomic level. Factors characteristic of the residential area may also explain in part the differences between sexes. In one study in the USA using data from small areas, 39 the authors argued that access to health services, presence or absence of environmental stressors, and level of social support among residents of a given area play a more important role in inequalities among the women than among the men.
Although not consistently observed in all the cities, there appears to be a slight increase in socioeconomic inequalities in IHD mortality, above all among women. Studies of trends at individual level performed in different European countries have found that the socioeconomic inequalities in IHD mortality tend to increase with time in both sexes. 29, 30, 32, 54 Few ecological studies have analyzed the evolution over time of these inequalities. In the majority of them, increases in socioeconomic inequalities are observed in both sexes. 31, 36, 38 This rise is due above all to a more acute decline in mortality in areas of lower deprivation. In another study conducted in Rome (Italy), a slightly different pattern was observed, since in men, the inequalities remained stable over time, but increased in women. 37 Our results do not entirely agree with those found in earlier studies, as the increase in inequalities is not so clear, but one must take into account that the majority of them have analyzed time periods which are earlier than those of our study. This fact could be highly relevant if we consider that the association between risk factors classically associated with IHD and socioeconomic level of the individual have evolved in recent years, and this evolution could be different in different countries. 26, 27 In Spain in the early 1990s, smoking was more common among women of higher socioeconomic level. In the last two decades, a rise in smoking has been observed among women of lower socioeconomic level and a decline among those of higher socioeconomic level. 52 Another risk factor which has evolved differently depending on social class is hypertension. Among men, there has been a clear increase in the prevalence of hypertension declared in health surveys, particularly in the nonmanual classes, such that, by 2003, the prevalences were similar across social classes. Among women, in contrast, the rise is more moderate, with manual classes always registering higher prevalences. 55 Lastly, the prevalence of obesity has also presented an increasing trend, particularly among women of manual classes, leading to an increase in inequalities between classes.
52,55
Limitations and Strengths
The main limitation of this study is the use of a single deprivation index in the two periods studied. Although it is possible that socioeconomic position could change during the time period covered by the study, we believe that the distribution of deprivation at small area level would not have suffered large variations. On the other hand, it must be borne in mind that IHD deaths might be underreported in the mortality registers. 56 One of the strengths of the study is that it is the first to analyze the evolution of socioeconomic inequalities in IHD mortality in nine Spanish cities with heterogeneous socioeconomic and epidemiological contexts, something which provides an overall view of the behavior of these causes in urban areas and lends more consistency to the results found. Moreover, the small areas used in the nine cities (census tracts) represent a high level of spatial disaggregation in the results. Among other advantages, using these areas allows the results to be represented via maps with high "resolution," capable of reflecting spatial patterns which would remain hidden if larger areas, such as neighborhoods, were used. Thus, they partly avoid the "modifiable areal unit problem." 57 Another strength of the study is that it is the first to employ SANOVA models in the analysis of socioeconomic inequalities in IHD mortality. These models offer distinct advantages compared to the classical models. 40 First, they take into account spatial and temporal dependence in the data. Second, they allow us to obtain a smooth association between IHD mortality and deprivation. This represents a closer approximation to the true form of the association between IHD mortality and area-level socioeconomic deprivation, since the usual practice is to introduce socioeconomic variables into the model as continuous variables, thus assuming a linear relationship between these variables and mortality, or as categorical variables, using a small number of categories (such a quintiles).
CONCLUSIONS
Although we have observed a decline in IHD mortality rates in all the cities, this study shows that, particularly among women, there are still socioeconomic inequalities in IHD mortality and that these even increase slightly over time. Also, the use of small areas as the unit of analysis makes it possible to observe the geographical patterns in mortality, socioeconomic deprivation and factors associated with mortality, other than deprivation. It is important that programs aiming to reduce IHD mortality should not be directed only to reducing individual-level risk factors, but should also pay attention to area-level risk factors. Studies such as the present one are particularly useful in this sense since they permit identifying in great detail those areas most susceptible to having interventions applied, 58 for example, interventions aiming to reduce socioeconomic inequalities in mortality. In the future, further research will be needed in order to understand how area-level socioeconomic factors affect IHD mortality. In addition, more geographical studies are necessary to identify which other area-level factors (apart from deprivation) are associated to mortality due to this cause. Finally, it is important to conduct studies of trends which provide ongoing monitoring of the evolution of socioeconomic inequalities in IHD mortality and which in addition attempt to identify factors which would explain the observed gender differences.
